In the early 1980's, a clustering of brain and central nervous system cancers was observed among workers at a Texas City, Texas chemical plant. A series of studies with follow-up from 1941 to 1983 failed to identify an occupational cause. We added women and newly hired workers to these studies and expanded the follow-up from 1940 to 2001 using a retrospective cohort mortality design. The SMR for brain and central nervous system cancers was slightly less than expected (SMR=0.93, 95% CI 0.60-1.38) whereas the SMR for benign brain tumors was slightly greater than expected (SMR=1.50, 95% CI 0.72-2.76) during the entire observation period. SMRs were close to expected levels when examining sex, wage type, year of hire, years of latency, and duration of employment for these causes. We observed high rates of brain and central nervous system cancers from 1970 to 1984 but lower rates in the other periods. We conclude that the excess cancer and tumor mortality reported in the earlier studies may be a random cluster and unrelated to workplace exposures.
INTRODUCTION
In responding to a complaint in 1978 of brain cancer deaths at a Texas City, Texas Union Carbide Corporation (UCC) chemical plant [1] , epidemiologists from UCC and the National Institutes of Occupational Safety and Health (NIOSH) conducted and published three studies that examined central nervous system (CNS) cancer and benign brain tumor mortality among male workers from 1941-1977 at this plant [2] [3] [4] . The study groups were drawn from same data sources but varied slightly due to study definitions and eligibility. The findings from these studies led to additional studies of tumors of the brain and CNS at other Texas chemical plants and refineries [5] [6] [7] [8] [9] .
The UCC study by Austin and Schnatter included 6,588 white males, as shown in Table 1 , found more observed than expected CNS cancers (O/E= 12/7.4) and all benign brain tumors (O/E= 7/3.0) [2] . Further analyses of the CNS cancers found an increase among hourly employees (O/E= 10/5.0). The researchers concluded that there was insufficient evidence to consider the excess occupationally related due to the small number of deaths and lack of a relationship with use of specific chemicals at the site. Similarly, the NIOSH studies of Waxweiler and colleagues also reported more observed than expected deaths for both CNS cancers (O/E=13/7.2) and benign brain tumors (O/E= 6/2.4) among 7,595 hourly male workers [3, 4] . When CNS cancers and benign brain tumors were combined, the standardized mortality ratio (SMR) was statistically significant (SMR [10] . The study found no increased mortality among maintenance workers or laborers, in general. The authors speculated that the excess in CNS cancers could be related to an increased likelihood for detection of this cancer in this region, but provide no data to support this statement. Nevertheless, no definitive conclusions were made about the excess in either CNS cancers or benign brain tumors.
We added women to the previous studies and expanded study eligibility and vital status follow-up from January 1, 1940 through December 31, 2001 to further examine the risk of CNS cancer and benign brain tumor deaths at this plant.
MATERIALS AND METHODOLGY
We identified all past and present full-time employees who worked more than three days at the Texas City plant from January 1, 1940 to December 31, 2001 from payroll and work records. Vital status follow-up was conducted using company files and searches of the US National Death Index (NDI), Social Security Administration, and other sources. Death certificates were obtained whenever possible. All underlying causes of deaths were coded to the International Classification of Disease revision in use at the time of death by a trained nosologist or by NDI Plus which provides coded underlying cause of death. We identified 9,730 employees (8,450 males and 1,280 females) and 3,640 deaths.
We used the OCMAP program to calculate SMRs and 95% CIs based on cause-specific U.S. rates stratified by sex and race (whites and non-whites) [11] . Subsets of the study group analyzed separately include sex, wage type (hourly and salary), duration of employment (< 1 year, 1-4 years, 5-14 years, and 15+ years), period of hire (before 1950, 1950-1969, and 1970-2001) , and 20 year latency period, defined as years since first hire. Fisher's exact limits were used to calculate 95% CI for the SMRs.
RESULTS
We observed 24 deaths due to CNS cancer (SMR= 0.93, 95% CI= 0.60-1.38) and 10 deaths due to benign brain tumors (SMR= 1.5, 95% CI= 0.72-2.75) ( Table 1 ). The SMR of 1.68 (95% CI 1.01-2.63) for all benign tumors was statistically significant. When subsets by sex, wage type, duration of employment, period of hire, and latency were examined, none showed more than a small increase in risk and none represented a statistically significant excess. Specifically, more than expected deaths due to CNS cancers were seen only for hourly workers (SMR= 1.17, 95% CI= 0.74-1.76), workers hired between 1950 and 1969 (SMR= 1.15, 95% CI= 0.60-2.02), and those who worked for more than 15 years (SMR= 1.11, 95% CI= 0.59-1.90). Benign brain tumor deaths were elevated in most subsets, but none was statistically significant. To compare more directly with previous studies, we combined CNS cancers and benign brain tumors producing an SMR of 1.04 (95% CI= 0.72-1.46). Neither the overall SMR for this combined category, nor that of any subset produced more than modest excess in the SMR. 
DISCUSSION
The studies which have been done on workers at the Texas City site have used death certificates over a period of 60 years to identify CNS cancers or brain tumors. The use of death certificates for diagnosis limits interpretation. First, death certificates usually do not record morphology making it difficult to examine cell types which may be related to specific exposures. Second, not all brain tumors recorded on death certificates are pathologically confirmed when the death certificate is filled out. Thus, metastatic brain tumors are sometimes classified as primary tumors on the death certificate [12] . Third, pathological confirmation also may be more common among workers in industry making it difficult to choose an appropriate comparison group [13] . Finally, the introduction of diagnostic technology by the late 1970's greatly improved the discovery of tumors in brain and aided in the determination of malignant versus benign disease [14] .
We found no significant excess in mortality of CNS cancer, benign brain tumors, or the two categories combined in the study group overall or in subsets of workers based on sex, wage type, year of hire, duration of time at the plant, or time since first hire. We identified low SMRs for both CNS cancer and benign brain tumors since 1985 and before 1960. Conversely, we observed high SMRs between 1970 and 1984 for CNS cancer and benign brain tumors combined. The three previously reported studies were performed concurrent with the 1970 and 1984 "peak" in the cumulative SMR. Since these cancers and tumor deaths were only related to year of observation and not related to sex, wage type, year hired, duration of employment, or latency, and since previous studies at this site found no relationship with exposures and CNS cancer or benign brain tumors, we conclude the findings of previous studies may be the result of chance due to clustering of these deaths in time. Very little is known about the causes of human CNS cancer and benign brain tumors. Other than high exposure to ionizing radiation and trauma, there have been few if any occupational exposures consistently related to increased cancer or tumor rates [14, 15] . In response to concerns about chemicals causing CNS cancer and benign brain tumors, many studies have been conducted in Texas to examine this relationship, including 39 studies among petroleum refinery and chemical manufacturing workers between 1964-1993 [16] . The findings of these studies were not consistent and never definitive. Mortality from CNS cancer was similar to expected in most refinery and petrochemical companies when compared to the U.S. population. However, a few chemical companies did report observed deaths higher than expected for CNS cancers [15, 16] . Nevertheless, a specific workplace exposure or production area was not correlated with the cancer rates in these studies. Diagnostic sensitivity bias, misclassification of deaths, and differences in diagnostic procedures have been suggested as possible reasons for these high rates in these chemical companies [6, 16] .
CONCLUSION
Previous studies at this plant found high rates of CNS cancers and benign brain tumors in the period before 1984. These studies examined specific workplace exposures and time in production areas but found no association with cancer or tumor risk. We found rates of CNS cancers and benign brain tumors at expected levels for the entire period of observation for the Texas City plant. The clustering of these deaths in the period between 1970 and 1984 may have given the researchers and the workers at the plant the impression of a chemical cause for these deaths, but we think it more likely that the cluster is a chance occurrence. 
